6-1 thru 6-2 


lactromagnetics 


Reference Differential Form Integral Form 
Gauss’s law vV.D=p $D-as=0 
S 
OB 
Faraday’s law VxE- fp E-dl = — |] —:ds 
C s dt 
No magnetic charges V-B=0 B:ds=0 
S 


(Gauss's law for magnetism) 


Ampere's law 


Lecture 23 


Faraday's law 
NOT STATIC tt 
(this took em a 
while to figure out) 


http://www.youtube.com/watch?v-zstUDaGzpev8 
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(b) Equivalent circuit YXE — — — 


Jt 


The loop below is in the x-y plane and B = ZBysin ox 


with Bg positive. What is the direction of / ( or 一 由 at (a) £ = 0, (b) ox = 1/4, and 


(c) ot = 1/2? 


Solution: 7 = Vemf/R. Since the single-turn loop is not moving or changing shape 


with time, Ver. = 0 V and Vemf = M Therefore, from Eq. (6.8), 


al foB 
I= Vans /R = = s S 


If we take the surface normal to be +2, then the right hand rule gives positive 


flowing current to be in the +ô direction. 


ps re FR 
E oSinox = R cos (A), 


where 4 is the area of the loop. 

(a) A, O and R are positive quantities. At ¢ = 0, cos@¢ = 1 so / < 0 and the 
current is flowing in the —6 direction (so as to produce an induced magnetic field 
that opposes B). 

(b) At or = 1/4, cos ot = 2/2 so I < 0 and the current is still flowing in the —$ 
direction. 

(c) At œ = 7/2, cos csi = 0 so 7 = 0. There is no current flowing in either direction. 
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Consider a 10-turn 
square loop centered at the origin and having 20-cm sides oriented parallel to the x- 
and y-axes. If B = 2Box^ cos 10°r and By = 100 T, find the current in the circuit. 


= | B-ds 
A 


0.1 0.1 
= f (2 100x% cos 107r) -2 dx dy 
y 


x=—0.1 Jy=—0.1 
0.1 
= (100cos 10%) x o2 f x? dx 
—0.1 
pope 
= 20cos 10° — 
—0.1 


20 
= 7 cos 10?r((0.1)* +(0.1)°) = 13.3 x 107? cos 10°F. 
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(13.3 x 10 cos 10%) =133sin10% (mA). 


man 7, — A uc ie 
1000 dt ^B - X Sin ot 
Atr=0, db/dt < 0 and Vers > 0. Since the flux is decreasing, Lenz's law requires 
I to be in the direction opposite that shown in the figure so that the flux inducted by 7 ° ( 


is in opposition to the trend of d®/dr. Hence, in terms of the indicated direction of /, 


I=-—133sin10% (mA). 
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The AC to DC full wave rectifier Voltage time diagram 
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http://www.tethers.com/TethersGeneral.html 
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If you could design the power grid from the ground up, 


what would you do?? 
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It's a good question. You might want tc 
increase the frequency, as it woul 


transformers. Or you might 
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http://users.tinyworld.co.uk/flecc/brushless motor.html 


The loop shown below is coplanar with a long, 
straight wire carrying a current 


I(t) = 5cos2n x 10% (A). 


(a) Determine the emf induced across a small gap created in the loop. 


(b) Determine the direction and magnitude of the current that would flow through 
a 4-Q resistor connected across the gap. The loop has an internal resistance of 
10. 


Solution: 
(a) The magnetic field due to the wire is 


i Er 


where in the plane of the loop, 6 = —X and r = y. The flux passing through the loop 
þe- 10cm —»] i 


15 
1S an I 
中 = | Beds Í (45 Ji 10 (cm)! dy 
s sem 2ny PA 


2n 5 

_ Ax x 107 x Scos(2x x 10%) x 107 
u 2x o 

= 1.1 x 1077 cos(2mx 10%) (Wb). 


x 1.1 


i 7 
Vent = = =1.1x2rx 10' sin(2x x 1011) x 107 
at 


=6.9 x 10 sin(2x x 10%) (V). 


(b) 


Vent  6.9x 107? 


. = . 4 d 
z^ 5 sin(2x x 1041) = 1.38sin(2r x 10%) (mA). 


Ind = 


Atr=0, B is a maximum, it points in —&-direction, and since it varies as 
cos(2x x 1097), it is decreasing, Hence, the induced current has to be how when 
looking down on the loop, as shown in the figure. 


Q: Ms is Mge AL a GPS € 


one of its sides is spinning 


( 7200 %evolutions er minute. If the field B is normal to 
the loop axis and its magnitude 1s 6 x 107" T, whats the peak voltage induced across 
the air gap? | 


is this aRbitRory ¢ 


A rectangular 12 Te loop 5 cm x10 cm with a small air gap in 


Loop surface 
normal 


Axis of rotation 
Solution: 


sf me, 2n rad/cycle x PRIM cycles/min = Sora m 
a 


60 s/min 
A = 5 cm x 10 cm/(100 cm/m)? = 5.0 x 107? m? 


From Eqs. (6.36) or (6.38), Vemp = 40Bysin ox; it can be seen that the peak voltage is 


VPK — A@By = 5.0 x 10? x 240m x 6x 1076 = 22.62 (uv). ? 
OE Nor 15 FRA. 6% ent (4) a 


EM Motor/ Generator Reciprocity 


Pd 
> A c? 
e " (e) 
Y ya \ R = A 
-— : Axis of rotation 
Axis of rotation 


(a) ac motor (b) ac generator 


Motor: Electrical to mechanical Generator: Mechanical to 
energy conversion electrical energy conversion 


6-7 thru 6-10 


namic Fields (continued) (and look at 6-11) 


Change in B 


^, time-varying magnetic fields. 


Faraday’s law vxE=-%B jra-- OB is 
or C S dt — 
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i induced 


Lecture 26 „But what about time-varying electric fields? 


http://www.youtube.com/watch?v-zlAWZJrG6TX8 
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Ampere's law 


1 = condyction Displecement 
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a Maxwell's addition 


Imaginary 
surface $1 


\ 


Imaginary 
surface $^ 


vo ^, 


| Series stub 


The plates of a parallel-plate capacitor have areas 10 cm? each 
and are separated by 2 cm. The capacitors filled with a dielectric material with 
e = 480, and the voltage across it is given by V(t) = 30cos 2n x 10°: (V). Find the 


displacement current. 
= = A 一 Q 
A V 


Solution: Since the voltage is of the form given by Eq. (6.46) with Yo = 30 V and 
© = 2r x 10° rad/s, the displacement current is given by Eq. (6.49): 
7 S d, ás 
fas = Osa m = sE S 
1x 8.54 107^ x 10% 10 : 
AAA ERE RIO On nó 
210 

= —0.33sin (27 x 10%) (mA). 
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Don't just plug & chug!!! 


Tangential E ñ, x (E, -E;) 20 = E, E4-0 
Normal D fi; (Di —D,)=Ps = Py Din= Ps Do, =0 
Tangential H ft; x (H, — H2) = J; =H Hua, JJ fh, =0 
Normal B fi: (Bı — Ba) zO = Bin = Ban —0 

Notes: (1) ps is the surface charge density at the boundary; (2) Js is the surface current density at the boundary; 
(3) normal components of all fields are along Aa, the outward unit vector of medium 2; (4) Eu = En implies that 
the tangential components are equal in magnitude and parallel in direction; (5) direction of Js is orthogonal to 


ee 


Charge Current Continuity Equation 


Current | out of a volume is equal to rate of Charge density p, 


decrease of charge Q contained in that volume: 


| amm. Py dV t S encloses v 
dt dt 
V " ! ! jú 
Figure 6-14: The total current flowing out of a volume V is egual 
d to the flux of the current density J through the surface S, which 
J . d Ss = 一 一 一 Py d y in turn is equal to the rate of decrease of the charge enclosed 
dt in V. 
S V 
d 
J:-ds= | V-JdV=-— | p, dv 
dt 
S 1 V 
Used Divergence Theorem which is known as the charge-current continuity relation, or 


simply the charge continuity equation. 


At t = 0, charge density pvo was introduced into the interior of a 
material with a relative permittivity €; — 9. If a s/the charge density has 
dissipated down to 10^? po, what is the conductivity of the material? 


14 
1 A AN 
Solution: We start by using Eq. (6.61) to find Tr: ， S e^ A 
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g 990, 9x 8854 x 10712 


= 5.5100? (Sim). 
Tr 1.45 x 1077 


Time Harmonic Potentials 


If charges and currents vary sinusoidally with time: 


py(Rj, t) = py(R;) cos(wt +) 
we can use phasor notation: 

px (Ri. 4 ES Re [5R e" | 
with 

Py (Ri) = px (Ri) el? 


Expressions for potentials become: 
| page 


V(R) = — | ————— dv’ (V) 


ATE R' 
y! 


JA 
Also: E=—VV — > (dynamic case). 
C 


~ | ~ 
H=-—VxaA. 
I" 
Maxwell's equations become: 


VxE=-jouH 


~ ~ 


V x Ñ = jocE or E= — V xH. 


k= 
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What about free-space ??? 


Its a wave 
CQN. J —— 


See yo. 7 ch Y 


